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(54) Cooling unit 

(57) To provide a transportable cooling unit (1 8) for 
maintaining a transport volume (16) at a defined tem- 
perature, comprising a closed cooling circuit (70) and a 
controller (90) sensing a temperature present within 
said transport volume and controlling said cooling circuit 
so as to provide the cooling power demanded at said 
evaporator (30) for maintaining said defined tempera- 
ture and minimizing energy consumption, said controller 
operates said closed cooling circuit between a minimum 



possible cooling power and a maximum possible cooling 
power in a sequence of different operational stages, 
said controller further operates said closed cooling cir- 
cuit in each one of at least two upper operational stages 
at compressor (60) speeds related to different cooling 
capacities and within said respective upper operational 
stages said controller (90) operates a compressor (60) 
in an uninterrupted mode and adjusts said cooling pow- 
er by stepless speed control of said compressor (60). 
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Description 

[0001] The invention relates to a transportable cooling 
unit for maintaining a transport volume at the defined 
temperature, comprising a closed cooling circuit serially 
including a multi-stage compressor, a condenser, an ex- 
pansion device and an evaporator arranged in said 
transport volume as well as a speed-controlled electric 
motor driving said compressor. 
[0002] Such transportable cooling units are, for exam- 
ple, disclosed in the article of R.D. Heap "Refrigerated 
containers in 

[0003] The object of the present invention is to provide 
a transportable unit cooling which provides minimized 
energy consumption in combination with optimized tem- 
perature stability within the transport volume irrespec- 
tive of the environment. 

[0004] This object is achieved by a transportable cool- 
ing unit for maintaining a transport volume at a defined 
temperature, comprising a closed cooling circuit serially 
including a multi-stage compressor, a condenser, an ex- 
pansion device and an evaporator arranged in said 
transport volume, a speed-controlled electric motor driv- 
ing said compressor and a controller sensing a temper- 
ature present within said transport volume and control- 
ling said electric motor so as to provide the cooling pow- 
er demanded at said evaporatorfor maintaining said de- 
fined temperature and minimize energy consumption, 
said controller operating said closed cooling circuit be- 
tween a minimum possible cooling power and a maxi- 
mum possible cooling power in a sequence of different 
operational stages comprising a lowest operational 
stage (stage 1 ) and a sequence of at least two upper 
operational stages (stage 2 to 4), said controller oper- 
ating said closed cooling circuit in each one of said up- 
per operational stages (stage 2 to 4) at a compressor 
speed related cooling capacity different from said com- 
pressor speed related cooling capacity in said other up- 
per operational stages and within said respective upper 
operational stages in an uninterrupted mode and adjust- 
ing said cooling power provided by said closed cooling 
circuit by an essentially stepless speed control of said 
electric motor. 

[0005] The advantage of the present invention is to 
be seen in the fact that due to the sequence of different 
operational stages the compressor can be run within a 
reasonable speed range which is advantageous for an 
optimized compressor design and optimized compres- 
sor energy consumption but within the speed range dif- 
ferent levels of cooling power can be achieved by using 
different operational stages of the closed cooling circuit, 
which makes it possible to minimize energy consump- 
tion of the entire system. 

[0006] According to the present invention control of 
the speed of the electric motor could be achieved by var- 
ious means. It turned out to be advantageous for the 
speed controllable electric motor to be a frequency con- 
trolled AC-motor, because in such a frequency control- 



led AC-motor the energy consumption can be reduced 
in accordance with the speed of the controllable electric 
motor. 

[0007] In accordance with the aforementioned defini- 
5 tions of the present invention it is not defined how the 
controller operates the compressor in said low opera- 
tional stage. It is particularly advantageous if in said low- 
est operational stage said controller operates said com- 
pressor in an interrupted mode at low speed and adjusts 
10 said necessary cooling capacity by adjusting at least 
one of the parameters comprising interruption interval 
and speed. 

[0008] The advantage of this embodiment of the 
present invention is that in the low operational stage it 

15 is allowed to switch the compressor on and off so as to 
be able to control low cooling power of the closed cool- 
ing circuit and to maintain the energy consumption de- 
pendent on the demanded cooling capacity but to main- 
tain a certain level of speed if the compressor is opera- 

20 ble for maintaining a reasonable level of compressor ef- 
ficiency. 

[0009] It is particularly advantageous if the controller 
in said low operational stage maintains said speed of 
said compressor essentially constant and varies the in- 
25 terruption interval, e.g. the intervals within which the 
compressor is switched on or off so thatthe cooling pow- 
er is only controlled by controlling the interruption inter- 
vals. 

[0010] In such an embodiment it is of particular ad- 
30 vantage if in said lowest operational mode said speed 
of said compressor is in the dimension of the minimum 
possible speed for the compressor. This means that the 
compressor is run at the lowest allowable speed for 
proper operation and that if only cooling power is need- 
35 ed which is lower than the cooling power provided at 
that minimum speed a further reduction is performed by 
interrupting the compressor. 

[0011] In connection with the aforementioned expla- 
nations of various embodiments of the present invention 
40 it has not been defined how the controller determines 
the cooling power demanded. 

[001 2] One manner of determining the cooling power 
demanded would be to only detect the temperature 
present within said transport volume and to reduce the 

45 speed of the compressor to the lowest possible level. 
[0013] A more advantageous manner of determining 
the cooling power demanded is to compare the temper- 
ature present within that transport volume and the tem- 
perature of ambient air. 

so [001 4] With respect to the temperature detection with- 
in the transport volume the location of detection has not 
been defined in connection with the explanation of the 
aforementioned embodiments. 
[001 5] Generally, the temperature within the transport 

55 volume can be detected anywhere therein. 

[0016] For obtaining a fast response of the tempera- 
ture detection it is advantageous if the controller senses 
the temperature in a stream of air circulating within said 
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transport volume because in such a case the controller 
obtains the proper temperature values with a short re- 
sponse time. 

[0017] In addition, it is advantageous to sense the 
temperature within said transport volume close to said 
evaporator because in this case the cooling power de- 
manded can be determined more precise. 
[0018] In general, the controller could start in the up- 
permost operational stage or in the lowermost opera- 
tional stage and follow the sequence of operational stag- 
es until the desired temperature is obtained. 
[0019] To be able to respond precisely to temperature 
changes it is of advantage if the controller selects the 
currently necessary operational stage in accordance 
with the cooling power demanded. 
[0020] In accordance with the present invention, as 
discussed above, it would be possible to have a varying 
compressor speed related cooling capacity of said 
closed cooling circuit within at least one of said upper 
operational stages, however, for designing an easily 
controllable system it is of advantage if said compressor 
speed related cooling capacity of said closed cooling cir- 
cuit is constant within each of said upper operational 
stages. 

[0021] With respect to the lowest operational stage 
the compressor speed related cooling capacity could 
vary too. However, it is also of advantage if said com- 
pressor speed related cooling capacity of said closed 
cooling circuit is constant within said lowest operational 
stage. 

[0022] With respect to a cost effective design of the 
inventive cooling unit it turned out to be advantageous 
for said compressor speed related cooling capacity of 
said closed cooling circuit to be the same. as the com- 
pressor speed related cooling capacity in said one of 
said upper operational stages covering the lowest range 
of cooling power of said sequence of upper operational 
stages. 

[0023] If the controller has the possibility to switch 
from one upper operational stage to another operational 
stage such a switching is advantageously defined by a 
respective cooling power. To avoid at this respective 
cooling power a fast switching back and forth between 
one upper operational stage and the other operational 
stage it is advantageous if the controller switches from 
one upper operational stage to another upper operation- 
al stage with a hysteresis with respect to the level of 
cooling power, which means that the cooling power at 
which the controller switches from one upper operation- 
al stage to the next higher operational stage is higher 
than the cooling power at which the controller switches 
from the higher operational stage to the next lower op- 
erational stage. 

[0024] In the course of such a switching from one op- 
erational stage to the next operational stage the cooling 
power provided by the closed cooling circuit could come 
out of control. 

[0025] This is avoided if in the course of a transition 



from one of said upper operational stages to another of 
said upper operational stages said controller maintains 
full control of the cooling power provided by said closed 
cooling circuit by adjusting the speed of said compres- 
5 sor in accordance with a change of the compressor 
speed related cooling capacity. 
[0026] This means that even in the course of a tran- 
sition from one operational stage to the next operational 
stage, which has the consequence that the correspond- 
10 ing compressor speed related cooling capacity chang- 
es, precise control of the cooling power provided is still 
maintained due to the fact that the controller even in the 
course of such a transition is still able to adjust the cool- 
ing power by adjusting the speed of the compressor. 
15 [0027] An advantageous embodiment of the present 
invention provides a compressor designed as a multi- 
stage compressor which is operable in a first mode us- 
ing a reduced number of stages and in a second mode 
using all stages of said compressor for compressing re- 
frigerant. Such a design has the advantage that when 
operating the compressor at a reduced number of stag- 
es the compressor speed related cooling capacity can 
be reduced and in addition the energy consumption is 
reduced due to the lower amount of energy which is 
needed for operating such a multi-stage compressor in 
a reduced number of stages. 

[0028] It is of particular advantage if such a multi- 
stage compressor is controllable by said controller of 
said closed cooling circuit so as to operate in said first 
mode or said second mode. 

[0029] It is of particular advantage according to the 
present invention if in one of said upper operational 
stages said compressor operates in said first mode and 
in another of said upper operational stages said com- 
pressor operates in said second mode because then dif- 
ferent operational stages can be defined by operating 
the compressor in different modes, e.g. a first and a sec- 
ond mode, and the controller can be used to switch the 
compressor between said first mode and said second 
mode. 

[0030] In an embodiment of particular advantage it is 
provided that said controller changes from a stage in 
which the compressor operates in said first mode to the 
stage in which the compressor operates in said second 
mode at a defined level of cooling power which is higher 
then the defined level of cooling power at which the con- 
troller switches from the operational stage in which the 
compressor operates in said second mode to the oper- 
ational stage in which the compressor operates in said 
first mode. Such a hysteresis used for changing be- 
tween two operational stages is advantageous insofar 
as it prevents the controller at a certain level of cooling 
power from switching back and forth between the oper- 
ational stages and therefore providing an unstable con- 
trolling characteristic which in particular has the conse- 
quence that the tolerances with respect to the defined 
temperature within the transport volume increase. 
[0031] In another advantageous embodiment accord- 
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ing to the present invention an economizer is provided 
in said closed cooling circuit. 

[0032] Such a economizer could be designed to be 
fully operable within the entire operational range of the 
cooling unit. 5 
[0033J However, it is of particular advantage if said 
economizer can be switched by said controller between 
an economizer off-mode and an economizer on-mode. 
[0034] For providing different compressor speed re- 
lated cooling capacities it is of particular advantage if in 10 
one of said upper operational stages the closed cooling 
circuit is controlled to operate in an economizer off- 
mode and in another of said upper operational stages 
said closed cooling circuit is controlled to operate in an 
economizer on-mode. Such an embodiment of the w 
present invention has the advantage that within the 
same range of speed of the compressor, different com- 
pressor speed related cooling capacities can be ob- 
tained and these different compressor speed related 
cooling capacities also result in a different energy con- 20 
sumption by the compressor, because in the economiz- 
er on-mode the energy consumption of the compressor 
is increased with respect to the economizer off-mode. 
[0035] To avoid an unstable behaviour of the cooling 
unit and, therefore, to avoid increased temperature tol- 25 
erances due to unstable conditions an advantageous 
embodiment provides that said controller switches from 
the operational stage in which the closed cooling circuit 
is in the economizer off-mode to the operational stage 
in which the closed cooling circuit is in the economizer 30 
on-mode at a defined level of cooling power which is 
higher than the defined level of cooling power at which 
the controller switches from the operational stage in 
which the closed cooling circuit is in the economizer on- 
mode to the operational stage in which the closed cool- 35 
ing circuit is in the economizer off-mode. 
[0036] The aforementioned object is further achieved 
by a refrigerated container comprising a thermally insu- 
lated housing enclosing a transport volume to becooled, 
a cooling unit for cooling air circulating in said transport 40 
cooling volume, wherein said cooling unit is designed 
according to the features of the various embodiments 
as explained before. 

[0037] Further advantages of the present invention 
are the subject matter of the detailed description of one 45 
embodiment of the present invention. In the drawings: 

Fig. 1 shows a sectional view along lines 1-1 in Fig. 
2 of a container provided with one embodi- 
ment of the present invention; so 

Fig. 2 shows a sectional view along lines 2-2 in Fig. 
1; 

Fig. 3 shows a scheme of the various components ss 
of the cooling unit according to the present in- 
vention; 



Fig. 4 shows details of the compressor on an en- 
larged scale; and 

Fig. 5 shows a schematic representation of the re- 
lationship between cooling capacity and 
speed of the compressor in various stages of 
operation. 

[0038] A refrigerated container 10 designed for the 
transport of perishable cargos 1 2, such as, for example, 
frozen fish, chilled meat, fruit or chocolate or flower 
bulbs comprises a thermally insulated container hous- 
ing 14 enclosing a transport volume 16 which is cooled 
by cooling unit 18. 

[0039] Within the insulated housing air is circulated by 
an evaporator fan 20 receiving a return air stream 22 
extending along a cover 24 of housing 14 and blowing 
this return air stream 22 through an evaporator 30 so 
that the stream of air is cooled and thereafter blown to- 
wards a bottom 26 of housing 1 4 as a supply air stream 
23 and extending along bottom 26 between T-bars 28 
of a T-bar floor of housing 1 4. 

[0040] Preferably, evaporator fan 20 and evaporator 
30 are arranged at a front portion 32 of housing 14. 
[0041] Preferably, the evaporator 30 extends over a 
major portion of the width of front portion 32 between 
side walls 34 and 36 of housing 14. 
[0042] Preferably, a front wall 38 of front portion 32 
extends downwardly from cover 24 along a front end 40 
of housing 14 and below evaporator 30 a portion 42 of 
front wall 38 steps back from front end 40 to form a 
space 44 between front end 40 and portion 42 of front 
wall 38 which is separated from transport volume 1 6 by 
portion 42 and in which a condenser 50 and a compres- 
sor 60 are arranged. Space 44 can be penetrated by a 
stream 52 of ambient air extending through condenser 
50 and around compressor 60 for cooling of condenser 
50 and compressor 60, said stream 52 of ambient air 
being blown through space 44 by a condenser fan 54. 
[0043] Evaporator 30, condenser 50 and compressor 
60 are part of a closed cooling circuit 70 shown in detail 
in Fig. 3. 

[0044] As can be seen in Fig. 3 compressor 60 receiv- 
ing evaporated refrigerant compresses this refrigerant 
and discharges it into discharge pipe 62 extending be- 
tween compressor discharge port 64 and an inlet port 
66 of condenser 50. 

[0045] The refrigerant after having passed through 
condenser 50 leaves through an outlet port 68 and is 
fed to a water cooled condenser 71 by pipe 72. After 
having passed through a water cooled condenser 71 
condensed refrigerant passes a drying filter 74 arranged 
in pipe 76 guiding condensed refrigerant to economizer 
77. After having passed through economizer 77 con- 
densed refrigerant is passed via feed pipe 78 to elec- 
tronic thermo valve 80 which is the expansion device 
and from electronic thermo valve 80 to an inlet port 82 
of evaporator 30 and after being evaporated within 
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evaporator 30 to outlet port 84 which is connected to a 
compressor inlet 86 by suction pipe 88. 
[0046] Closed cooling circuit 70 is controlled by a con- 
troller 90 which is connected to a temperature sensor 
92 detecting the temperature of return air stream 22 be- 5 
fore entering into evaporator 30. Controller 90 is further 
connected to temperature sensor 94 detecting the tem- 
perature within evaporator 30 and further connected to 
temperature sensors 96 provided for detecting the tem- 
peratu re of supply air stream 23 coming from evaporator 10 
30 and being guided back into transport volume 16 for 
cooling cargo 12. 

[0047] Controller 90 is further connected to tempera- 
ture sensor 98 provided in suction line 88 for detecting 
a suction temperature of compressor 60. In addition, 15 
suction line 88 is further provided with a low pressure 
transducer 100. 

[0048] In addition, discharge pipe 62 is provided with 
temperature sensor 1 02 which is also connected to con- 
troller 90. 20 
[0049] Controller 90 further controls the pressure 
within water cooled condenser 71 by pressure transduc- 
er 104. 

[0050] Economizer 77 is cooled by condensed refrig- 
erant branched off from pipe 76 by pipe 1 06 and fed to 25 
thermo valve 108 controlling the amount of refrigerant 
flowing to economizer 77. After having passed econo- 
mizer 77 the amount of refrigerant is guided to an inter- 
mediate pressure inlet 110 of compressor 60 by pipe 
112. 30 
[0051 ] Thermo valve 1 08 is controlled by the temper- 
ature of compressor 60 detected by temperature sensor 
1 1 4 and the pressure within pipe 1 1 2 detected via cap- 
illary tube 1 1 6 extending from pipe 1 1 2 to thermo valve 
108. 35 
[0052] Economizer 77 can be switched on or off by 
solenoid valve 120 arranged within tube 106 and being 
controlled by controller 90. 

[0053] Controller 90 further controls frequency con- 
troller 1 22 which controls the speed of a motor 1 24 driv- 40 
ing compressor 60. 

[0054] Controller 90 is further connected to cargo 
temperature sensors 126 for detecting the temperature 
of the cargo and to ambient temperature sensor 1 28 for 
detecting the temperature of the ambient air used for a 45 
cooling condenser 50. 

[0055] Controller 90 further controls evaporator fans 
20 and condenser fan 54. 

[0056] As shown In Fig. 4 compressor 60 is a two 
stage compressor having, for example, two cylinders so 
forming a first, low pressure stage 1 30 and two cylinders 
forming a second high pressure stage 132. 
[0057] First stage 1 30 can be switched off by a sole- 
noid valve 134 being able to close a low pressure inlet 
1 36 of first stage 1 30 which is connected to compressor ss 
inlet 86. 

[0058] An intermediate pressure inlet 138 of second 
stage 132 and an intermediate pressure outlet 140 of 



first stage 130 are internally connected by an internal 
duct 142 arranged within compressor 60 and this inter- 
nal duct 142 is connected to suction pipe 88 via check 
valve 144 for enabling a connection of suction line 88 
and intermediate pressure inlet 138 of second stage 
132. 

[0059] As long as solenoid valve 1 34 keeps low pres- 
sure inlet 136 open, first stage 130 generates an inter- 
mediate pressure within intermediate pressure duct 1 42 
which is above the pressure at low pressure inlet 136 
and consequently the pressure within suction line 88. In 
this case, check valve 144 closes so that all refrigerant 
from suction pipe 88 enters low pressure inlet 1 36 of first 
stage 130. 

[0060] If, however, solenoid valve 134 closes low 
pressure inlet 136 the pressure within intermediate 
pressure duct 142 will decrease and check valve 144 
will open to allow refrigerant from suction pipe 88 to di- 
rectly enter into intermediate pressure duct 1 42 so as to 
be guided to intermediate pressure inlet 138 of second 
stage 1 32 which in any case compresses refrigerant and 
discharges compressed refrigerant through high pres- 
sure outlet 146 which is connected to compressor dis- 
charge 64. 

[0061] Therefore, compressor 60 can be operated in 
a first mode, in which solenoid valve 134 is closed and 
only second stage 1 32 is operative or in a second mode 
in which both stages 130 and 132 are operative. 
[0062] To defrost evaporator 30, controller 90 is 
adapted to control heating elements 150 within time in- 
tervals which can be determined. Heating elements 150 
after being switched on can be switched off when a pre- 
set temperature at temperature sensor 94 is detected, 
because then it can be assumed that evaporator 30 is 
completely defrosted. 

[0063] In addition, watercooled condenser can be ac- 
tivated or deactivated by controller 90. When water 
cooled condenser 71 is not activated air cooled con- 
denser 50 is cooled by condenser fan 54 which can be 
operated at various speeds. The actual speed of con- 
denser fan 54 is controlled in accordance with the actual 
pressure detected by high pressure transducer 104. 
[0064] If water cooled condenser 71 is activated by 
controller 90 condenser fan 54 is switched off. 
[0065] In addition, discharge temperature sensor 102 
is used to detect the discharge temperature of the re- 
frigerant discharge by compressor 60 and controller 90 
will reduce the speed of compressor 60 in case the tem- 
perature of the discharge refrigerant exceeds a certain 
level. 

[0066] The cooling unit according to the present in- 
vention is operated as follows: 
[0067] Closed cooling unit 70 can be operated in var- 
ious stages according to the cooling power demanded 
at evaporator 30 for maintaining a defined temperature 
within transport volume 16. 

[0068] If a cooling power between 0 and a level A is 
demanded at evaporator 30, closed cooling circuit 70 
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will be operated in operational stage 1 . 
[0069] In stage 1 compressor 60 is operated in the first 
mode, e.g. with first stage 130 switched off. Further in 
stage 1 economizer 77 is inoperable so that closed cool- 
ing circuit 70 provides the lowest possible compressor 
speed related cooling capacity which can be defined to 
be a first compressor speed related cooling capacity. 
[0070] Further in stage 1 compressor 60 is running at 
a minimum speed level which is indicated by an (a). 
[0071] For controlling the cooling power compressor 
60 will be switched on and off by controller 90, wherein 
compressor 60 if switched on will run at minimum speed 
level (a) and after evaporator 30 has provided sufficient 
cooling power to supply air stream 23 compressor 60 
will be switched off. 

[0072] Even though compressor 60 is switched on 
and off after certain time intervals the precision of the 
temperature control within cargo volume 16 is still high 
due to the sufficiently high thermal inertia of the entire 
system and due to the low cooling power required. 
[0073] Closed cooling circuit 70 can further be oper- 
ated at operational stage 2 which extends between level 
(A) of the cooling power and level (B). 
[0074] In this stage closed cooling circuit 70 is still op- 
erated with the first compressor speed related cooling 
capacity which is identical to the compressor speed re- 
lated cooling capacity in operational stage 1 . 
[0075] However, in operational stage 2 compressor 
60 is running uninterruptedly and the cooling power pro- 
vided at evaporator 30 will be controlled by controlling 
the speed of compressor 60. 

[0076] A transition between operational stage 1 and 
operational stage 2 can be easily achieved by terminat- 
ing the temporary interruptions in operation of compres- 
sor 60 and keeping compressor 60 continuously running 
so that due to the first compressor speed related cooling 
capacity cooling power according to level (A) is provided 
at evaporator 30. If a higher cooling power is required 
at evaporator 30 the speed of compressor 60 can be 
altered until value (b) which corresponds to level (B) of 
the cooling power when operating closed cooling circuit 
70 with the first compressor speed related cooling ca- 
pacity. 

[0077] Controller 90 is further adapted to operate 
closed cooling circuit 70 in operational stage 3 as indi- 
cated in Fig. 5. 

[0078] Operational stage 3 extends from a cooling 
power corresponding to level (H) to a cooling power cor- 
responding to level (C). 

[0079] In stage 3 compressor 60 is operated in its sec- 
ond mode in which its first stage 130 and its second 
stage 1 32 are operable so that compressor 60 operates 
as a two stage compressor. In operational stage 3 econ- 
omizer 77 is still inoperable. 

[0080] Due to the fact that compressor 60 is now op- 
erating in its second mode, e.g. as a two stage compres- 
sor, the compressor speed related cooling capacity of 
closed cooling circuit 70 is higher than when compres- 



sor 60 is only operated with its first mode so that in op- 
erational stage 3 closed cooling circuit 70 is operated 
with a second compressor speed related cooling capac- 
ity. . 

5 [0081] For controlling the cooling power provided at 
evaporator 30 controller 90 controls the speed of com- 
pressor 60 between its minimum speed which corre- 
sponds to level (g) to the maximum possible speed in 
operational stage 3 which corresponds to level (d). 

10 [0082] A transition between operational stage 2 and 
operational stage 3 can be carried out only with a certain 
hysteresis for avoiding rapid switching back and forth of 
controller 90 between operational stage 2 and opera- 
tional stage 3. 

15 [0083] To obtain such a hysteresis, closed cooling cir- 
cuit 70 will be operated in operational stage 2 until level 
(B) of the cooling power and when level (B) is achieved 
compressor 60 will be switched from its first mode to its 
second mode and consequently closed cooling circuit 
70 will be operated with the second compressor speed 
related cooling capacity so that the speed of compressor 
60 has to be reduced from level (b) to level (c) if only 
cooling power of level (B) is demanded. 
[0084] If, however, closed cooling circuit is operated 
in operational stage 3 and cooling power of level (B) is 
demanded at evaporator 30 closed cooling circuit 70 will 
remain at operational stage 3. Even if the demanded 
cooling power is reduced closed cooling circuit 70 will 
remain in operational stage 3 until a level (H) of the cool- 
ing power which is below level (B). 
[0085] If the demanded cooling power is lowered to 
level (H) compressor 60 will be switched from its second 
mode used in operational stage 3 to its first mode used 
in operational stage 2. Since the first compressor speed 
related cooling capacity is lower than the second com- 
pressor speed related cooling capacity the speed level 
of compressor 60 which is (a) at level (H) of the cooling 
power has to be increased up to level (h). 
[0086] Controller 90 can further operate closed cool- 
ing circuit 70 in operational stage 4. In operational stage 
4 compressor 60 is operated in its second mode, e.g. 
as a two stage compressor, and further in operational 
stage 4 economizer 77 is operable. 
[0087] Due to the fact that economizer 77 is able to 
further increase the compressor speed related cooling 
capacity of closed cooling circuit 70 in operational stage 
4, closed cooling circuit 70 will have a third compressor 
speed related cooling capacity which is the highest 
available compressor speed related cooling capacity. 
[0088] A transition between operational stage 3 and 
operational stage 4 is also possible with some kind of 
hysteresis. 

[0089] If cooling circuit 70 is operated in operational 
stage 3 and has the second compressor speed related 
cooling capacity the maximum possible cooling power 
is defined by level (C) and obtained at a speed level (d). 
At this point controller 90 switches on evaporator 77 by 
actuating solenoid valve 120 to open pipe 106. 
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[0090] After opening of solenoid valve 1 20 a so-called 
"economizer fade in" takes place, which means that 
economizer 77 starts to affect the compressor speed re- 
lated cooling capacity and the "economizer fade in" is 
terminated if economizer 77 is fully operable. During this 
"economizer fade in" controller 90 will adapt the speed 
of compressor 60 in response to the cooling power pro- 
vided at evaporator 30 and in response to cooling power 
demanded. If, for example, a cooling power at a level 
corresponding to level (C) is required, controller 90 will 
reduce the speed of compressor 60 according to the in- 
creasing effect of economizer 77 on the compressor 
speed related cooling capacity. 
[0091] If, however, during "economizer fade in" the 
cooling power demanded at evaporator 30 is between 
level (C) and level (D) controller 90 will reduce the speed 
of compressor 60 to a lesser extent so that at the end 
of the "economizer fade in" closed cooling circuit 70 will 
provide the respective cooling power. 
[0092] If during "economizer fade in" the cooling pow- 
er demanded at evaporator 30 reaches level (D) the 
speed of compressor 60 will not increase but due to the 
increasing effect of economizer 77 on the compressor 
speed related cooling capacity level (D) of the cooling 
power will be achieved after a certain interval of time at 
a compressor speed at level (d) which corresponds to 
the cooling power at level (C) in operational stage 3. 
[0093] If closed cooling circuit 70 is in operational 
stage 4 and the cooling power demanded at evaporator 
30 decreases closed cooling circuit 70 is maintained in 
stage 4 even if the level of cooling power decreases be- 
low level (C) as long as a level (F) is reached which is 
below level (C). 

[0094] After level F of the cooling power has been 
reached economizer 77 will be switched off so that a so- 
called "economizer fade out" takes place due to the fact 
that economizer 77 does not suddenly affect the com- 
pressor speed related cooling capacity. 
[0095] Consequently, controller 90 will adjust the 
speed of compressor 60 in response to the change in 
the compressor speed related cooling capacity due to 
the "economizer fade out" until the second compressor 
related cooling capacity is reached so that closed cool- 
ing circuit 70 has returned to operational stage 3. 
[0096] If the demanded cooling power corresponds 
approximately to level (F) controller 90 will increase the 
speed of compressor 60 in accordance with the degree 
of "economizer fade out". 

[0097] If, however, during the "economizer fade out" 
the demanded cooling power decreases to level (G) 
controller 90 will maintain the speed at level (f) so that 
the cooling power of closed cooling circuit decreases in 
accordance with the "economizer fade out". 
[0098] In operational stage 4 closed cooling circuit 70 
can be operated between level (F) up to the highest pos- 
sible cooling power which corresponds to level (E). 
[0099] As an example for the purpose of illustration a 
start-up of a transportable cooling unit according to the 



present invention will be performed by controller 90 as 
follows: 

[0100] As shown in Fig. 5 if the cooling unit is switched 
on compressor 60 starts running at minimum speed as 
5 indicated at level (a) in Fig. 5. In addition, evaporator 
fans 20 start running. 

[0101] If the cooling power demanded at evaporator 
30 is in the region between zero and level (A) the cooling 
unit is operated in operational stage 1 in which compres- 
10 sor 60 runs at minimum speed at level (a) and will be 
interrupted after the desired temperature level at evap- 
orator 30 is obtained. Even though compressor 60 is 
switched off temporarily the precision of the temperature 
control within cargo volume 16 is still high because the 
15 entire system has a sufficient inertia due to the low cool- 
ing capacity required. 

[0102] If the cooling power required at evaporator 30 
exceeds level (A) compressor 60 is operated in opera- 
tional stage 2 and controller 90 will control the cooling 
capacity is only by controlling the speed at which com- 
pressor 60 is operated. 

[0103] Closed cooling circuit 70 is maintained within 
operational stage 2 until a cooling power at level (B) or 
higher is required. If a cooling power at level B or higher 
is demanded controller 90 switches closed cooling cir- 
cuit 70 from operational stage 2 to operational stage 3. 
In the second mode the cooling capacity of closed cool- 
ing circuit 70 is increased and for this reason the speed 
at which compressor 60 is driven has to be decreased. 
This enables a higher cooling capacity to be obtained at 
even lower speed of compressor 60 so that even higher 
cooling capacity can be obtained if the speed of com- 
pressor 60 is increased again. In operational stage 3 of 
closed cooling circuit 70 the cooling power can be con- 
trolled by controlling the speed of compressor 60. 
[0104] When cooling power level (C) or higher is de- 
manded controller 90 switches closed cooling circuit 70 
from operational stage 3 to operational stage 4. 
[0105] In operational stage 4 controller 90 controls the 
cooling power by uninterruptedly varying the speed of 
compressor 60. 

[0106] The cooling requirement within cargo volume 
1 6 can be detected in various ways, 
[0107] In a so-called chilled mode, in which the tem- 
perature within cargo volume 16 is above -10° Celsius 
controller 90 is operated in the chilled mode program 
and in the chilled mode program controller 90 detects 
the temperature within cargo volume 1 6 by means of the 
supply air sensors 96 which detect the temperature with- 
in supply air stream 23. 

[0108] in the chilled mode program the evaporator 
fans 20 are also operated at maximum speed for obtain- 
ing very small deviations from the desired temperature 
level. These deviations are in the range of +/- 0,25° Cel- 
sius. 

[0109] In another case, a so-called frozen mode, the 
temperature within the cargo volume 16 is below -10° 
Celsius and in this case controller 90 is in the frozen 
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mode program, in which the temperature within cargo 
volume 1 6 is detected by temperature sensor 92 detect- 
ing the temperature within return air stream 22 before 
reaching evaporator 30. 

[0110] In this case, evaporator fan 20 is operated at 
a speed below its highest speed, a so-called low speed 
level because the tolerances from the desired temper- 
ature can be higher. In case of the frozen mode the tol- 
erances can be of about +/-1° Celsius. 



Claims 

1 .. Transportable cooling unit for maintaining a trans- 
port volume at a defined temperature, comprising 

a speed controlled electric motor (124) driving 
said compressor, 

and a controller (90) sensing a temperature 
present within said transport volume (16) and 
controlling said electric motor (124) so as to 
provide the cooling power demanded at said 
evaporator (30) for maintaining said defined 
temperature and minimizing energy consump- 
tion, said controller (90) operating said closed 
cooling circuit (70) between a minimum possi- 
ble cooling power and a maximum possible 
cooling power in a sequence of different oper- 
ational stages comprising a lowest operational 
stage (stage 1 ) and a sequence of at least two 
upper operational stages (stages 2 to 4), 
said controller (90) operating said closed cool- 
ing circuit (70) in each one of said upper oper- 
ational stages (stage 2 to 4) at a compressor 
speed related cooling capacity different from 
said compressor speed related cooling capac- 
ity in said other upper operational stages, 
and within said respective upper operational 
stages (2 to 4) said controller (90) operating 
said electric motor (124) in an uninterrupted 
mode and adjusting said cooling power provid- 
ed by said closed cooling circuit by an essen- 
tially stepless speed control of said electric mo- 
tor (124). 

2. Cooling unit according to claim 1, wherein said 
speed controllable electric motor is a frequency 
controlled AC-motor (124). 

3. Cooling unit according to claim 1 or 2, wherein said 
controller (90) operates said compressor (60) in 
said lowest operational stage (stage 1) in an inter- 
rupted mode at low speed and adjusts said cooling 
power by adjusting at least one of the parameters 
comprising interruption interval and speed. 

4. Cooling unit according to claim 3, wherein said con- 
troller (90) in said lowest operational stage (stage 



1 ) maintains said speed of said electric motor (1 24) 
essentially constant and varies the interruption in- 
tervals. 

5 5. Cooling unit according to claim 4, wherein in said 
lowest operational stage (stage 1) said constant 
speed of said electric motor (124) is in the dimen- 
sion of the minimum possible speed of said com- 
pressor (60). 

10 

6. Cooling unit according to one of the preceding 
claims, wherein said controller (90) defines the 
cooling power demanded by comparing the temper- 
ature present within said transport volume (1 6) and 

15 the temperature of ambient air. 

7. Cooling unit according to with one of the preceding 
claims, wherein said controller (90) senses the tem- 
perature in a stream of air (22, 23) circulating within 

20 said transport volume (1 6). 

8. Cooling unit according to with claim 7, wherein said 
controller (90) senses the temperature within said 
transport volume (1 6) close to said evaporator (30). 

25 

9. Cooling unit according to one of the preceding 
claims, wherein said controller (90) selects the cur- 
rently necessary operational stage (stage 1 to 4) in 
accordance with the cooling power demanded and 

30 adjusts the speed of the compressor (60) for precise 
adjustment of the cooling power provided by said 
closed cooling circuit (70). 

10. Cooling unit according to one of the preceding 
35 claims, wherein said compressor speed related 

cooling capacity of said closed cooling circuit (70) 
is constant within said lowest operational stage 
(stage 1). 

40 11. Cooling unit according to one of the preceding 
claims wherein said compressor speed related 
cooling capacity of said closed cooling circuit (70) 
is constant within each of said upper operational 
stages (stage 2 to 4) 

45 

12. Cooling unit according to one of the preceding 
claims, wherein said compressor speed related 
cooling capacity of said closed cooling circuit (70) 
is the same as the compressor speed related cool- 
50 ing capacity in said one (stage 2) of said upper op- 
erational stages (stage 2 to 4) covering the lowest 
range of cooling power of said sequence of upper 
operational stages (stage 2 to 4). 

55 13. Cooling unit according to one of the preceding 
claims, wherein controller (90) switches from one 
upper operational stage (stage 2 to 4) to another 
upper operational stage (stage 2 to 4) with a hys- 
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teresis with respect to the level of cooling power. mode. 



14. Cooling unit according to claim 13, wherein in the 
course of a transition from one of said upper oper- 
ational stages (stage 2 to 4) to another of said upper 
operational stages (stage 2 to 4) said controller (90) 
maintains full control of the cooling power provided 
by said closed cooling circuit (70) by adjusting the 
speed of said compressor (60) in accordance with 
thechangeofthecompressorspeed related cooling 
capacity. 

15. Cooling unit according to one of the preceding 
claims, wherein said multi-stage compressor (60) is 
operable in a first mode using a reduced number of 
stages or in a second mode using all stages. 

16. Cooling unit according to claim 15, wherein said 
multi-stage compressor (60) is controllable by said 
controller (90) so as to operated in said first mode 
or in said second mode. 

17. Cooling unit according to claim 16, wherein in one 
of said upper operational stages (stage 2 to 4) of 
said closed cooling circuit (70) said compressor 
(60) operates in said first mode and in another of 
said upper operational stages (stage 2 to 4) of said 
closed cooling circuit (70) said compressor (60) op- 
erates in said second mode. 

18. Cooling unit according to claim 17, wherein said 
controller (90) switches from an operational stage 
(stage 2) in which the compressor (60) operates in 
said first mode to the operational stage (stage 3) in 
which the compressor (60) operates in said second 
mode at a defined level of cooling power which is 
higher than the defined level of cooling power at 
which the controller (90) switches from the opera- 
tional stage (stage 3) in which the compressor (60) 
operates in said second mode to the operational 
stage (stage 2) in which the compressor (60) oper- 
ates in said first mode. 



22. Cooling unit according to claim 21, wherein said 
controller (90) switches from the operational stage 

5 (stage 3) in which the closed cooling circuit (70) is 
in the economizer off-mode to the operational stage 
(stage 4) in which the closed cooling circuit (70) is 
in the economizer on-mode at a defined level of 
cooling power which is higher than the defined level 

10 of cooling power at which the controller (90) switch- 
es from the operational stage (stage 4) in which the 
closed cooling circuit (70) is in the economizer on- 
mode to the operational stage (stage 3) in which the 
closed cooling circuit (70) is in the economizer off- 

15 mode. 

23. Refrigerated container comprising a thermally insu- 
lated housing (14) enclosing a transport volume 
(16) to be cooled, 

20 a cooling unit (1 8) for cooling air circulating in said 
transport volume (16), wherein said cooling unit 
(18) is designed according to one of claims 1 to 22. 
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19. Cooling unit according to one of the preceding 
claims, wherein an economizer (77) is provided in 45 
said closed cooling circuit (70). 

20. Cooling unit according to claim 19, wherein said 
economizer (77) can be switched by said controller 
(90) between an economizer on-mode and an econ- so 
omizer off-mode. 

21. Cooling unit according to claim 20, wherein in one 
of said upper operational stages (stage 2 to 4) the 
closed cooling circuit (70) is controlled to operate in 55 
an economizer off-mode and in another of said up- 
per operational stages said closed cooling circuit 
(70) is controlled to operate in an economizer on- 
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